
































































































































  ,QWURGXFWLRQ 
  :DWHUDYDLODELOLW\DQGZDWHUTXDOLW\ 
  ,QVWLWXWLRQDOFKDQJHVLQWKHZDWHUVHFWRU 




  :DWHUSULFLQJUHIRUPUHFHQWWUHQGVDQGSUREOHPV 
  :DWHUSULFLQJWKHRU\ 
  'LIILFXOWLHVLQZDWHUSULFLQJUHIRUPV 



































































HFRV\VWHPV FRQWLQXH WR IXQFWLRQ ,Q IDFW RQO\ DURXQG  NP LV UHDGLO\ DFFHVVLEOH WR
KXPDQVDQGDQDGGLWLRQDONPLVVWRUHGLQUHVHUYRLUV:02












1RW RQO\ LV WKHUH UHODWLYH VFDUFLW\ RI ZDWHU UHVRXUFHV EXW WKHVH ORFDWLRQV DOVR IDFH WKH
WUDQVERXQGDU\ SUREOHPV DVVRFLDWHG ZLWK ZDWHU UHVRXUFHV 0HDVXUHG DJDLQVW WKH IXWXUH
UHTXLUHPHQWVRIXUEDQFHQWUHVDJULFXOWXUHDQGLQGXVWU\DFFHVVWRDGHTXDWHTXDQWLW\DQGTXDOLW\
RIZDWHUZLOOVRRQEHFRPHSUREOHPDWLFLQWKRVHDUHDVRI:HVW$VLD$IULFDDQGWKHSDUWVRI








QR RYHUDOO ZDWHU VKRUWDJH ZDWHU DYDLODELOLW\ YDULHV FRQVLGHUDEO\ /RZ DYDLODELOLW\ LV D
FKDUDFWHULVWLF RI WKH UHODWLYHO\ GU\ VRXWKHUQ FRXQWULHV RI WKH UHJLRQ DQG WKRVH ZLWK KLJK
SRSXODWLRQGHQVLWLHVDQGPRGHUDWHSUHFLSLWDWLRQLQWKHZHVW
7RWDOZDWHUZLWKGUDZDOKDVVWDELOLVHGRUHYHQGHFUHDVHGLQVRPHFRXQWULHVLQUHFHQW\HDUV


















DUH FORVH WR DUHDV ZKHUH JURXQG ZDWHU LV RYHUH[SORLWHG DQG VRPH DUH H[SHULHQFLQJ ZDWHU


















VRPH SDUWV RI WKH UHJLRQ 7KH ZRUVW DIIHFWHG FRXQWULHV DUH %HOJLXP %XOJDULD WKH &]HFK
5HSXEOLF'HQPDUN,WDO\WKH1HWKHUODQGVDQG3RODQG(($































































E\ WKH JDS EHWZHHQ WKH VFDUFLW\ YDOXH RI ZDWHU DQG WKH SUHYDLOLQJ ZDWHU FKDUJHV 7KH
RSSRUWXQLW\FRVWRILQVWLWXWLRQDOFKDQJHZLWKLQWKHZDWHUVHFWRULVDOVRVWURQJO\LQIOXHQFHGE\
VRPHIDFWRUVWKDWRULJLQDWHRXWVLGHWKHVWULFWFRQILQHVRIWKHZDWHUVHFWRU7KHVHIDFWRUVLQFOXGH
















































ZDWHU LQVWLWXWLRQ DQG ZDWHU VHFWRU SHUIRUPDQFH 8WLOL]LQJ WKLV GHFRPSRVLWLRQ H[HUFLVH WKH
LQVWLWXWLRQSHUIRUPDQFH LQWHUDFWLRQ ZLWKLQ WKH ZDWHU VHFWRU LV HODERUDWHG WR DQDO\WLFDOO\































VFDOH ZKHWKHU DW D QDWLRQDO RU ORFDO OHYHO JLYLQJ ULVH WR QDWXUDO PRQRSROLHV 1DWXUDO
PRQRSROLHVKDYHDWHQGHQF\WRFKDUJHPRUHIRUWKHLUVHUYLFHVDQGSURGXFHOHVVWKDQZKDW






RYHUXVHG XQGHU IUHH PDUNHW UHJLPHV )RU WKLV UHDVRQ D FHUWDLQ GHJUHH RI JRYHUQPHQW
LQYROYHPHQWPD\EHUHTXLUHGWREULQJDERXWDQRSWLPDODOORFDWLRQRIUHVRXUFHV
6RPH ZDWHU VHUYLFHV LH WKH DFFHVV WR D FHUWDLQ PLQLPXP OHYHO RI ZDWHU IRU KXPDQ


























3XEOLF DOORFDWLRQ RU UHJXODWLRQ LV FOHDUO\ QHFHVVDU\ DW VRPH OHYHOVSDUWLFXODUO\IRULQWHU
VHFWRUDO DOORFDWLRQ +RZHYHU SUREOHPV ZLWK WKLV IRUP RI DOORFDWLRQ DUH VHHQ LQ SRRU
SHUIRUPDQFH RI JRYHUQPHQWRSHUDWHG LUULJDWLRQ V\VWHPV OHDNLQJ PXQLFLSDO ZDWHU VXSSO\










SURYLGHV YHU\ OLWWOH IOH[LELOLW\ WR UHVSRQG WR FKDQJLQJ SDWWHUQV RI ZDWHU GHPDQG DQG WKH






























































































































WKH QXPEHU RI SULYDWH ILUPV ELGGLQJ DQG FRPSHWLQJ IRU FRQWUDFWV WR SHUIRUP ZDWHU
PDQDJHPHQWDFWLYLWLHV
6LQFHODUJHLQLWLDOLQYHVWPHQWUHTXLUHPHQWVDQGHFRQRPLHVRIVFDOHLQHYLWDEO\SURYLGHWKH

















:DWHU LV RYHUFRQVXPHG DQG ZDVWHG LQ ODUJH SDUW EHFDXVH FRQVXPHUV GR QRW UHFHLYH
DSSURSULDWHVLJQDOVDERXWWKHYDOXHRIWKHUHVRXUFH5HDOFRVWVDUHPDVNHGE\ZDWHUVXEVLGLHV


















WR EH JHQHUDWHG XQGHU WKH H[LVWLQJ WHFKQRORJLHV DQG DYDLODEOH TXDQWLWLHV RI WKDW UHVRXUFH
(DVWHU%HFNHUDQG7VXU,QWKHDEVHQFHRIWD[HVRURWKHUGLVWRUWLRQDU\FRQVWUDLQWVDQ
DOORFDWLRQ WKDW PD[LPL]HV WRWDO QHW EHQHILWV LV FDOOHG ILUVWEHVW RU 3DUHWR HIILFLHQW :KHQ
PD[LPL]DWLRQ RFFXUV XQGHU GLVWRUWLRQDU\ FRQVWUDLQWV HJ LQIRUPDWLRQDO LQVWLWXWLRQDO RU
SROLWLFDOWKHDOORFDWLRQLVWHUPHGVHFRQGEHVWHIILFLHQW
5HVRXUFH DOORFDWLRQ PD\ DOVR EH EDVHG RQ HTXLW\ (TXLW\ REMHFWLYHV DUH SDUWLFXODUO\
FRQFHUQHGZLWKIDLUQHVVRIDOORFDWLRQDFURVVHFRQRPLFDOO\GLVSDUDWHJURXSVDQGPD\RUPD\QRW
EHFRQVLVWHQWZLWKHIILFLHQF\REMHFWLYHV'LQDU5RVHJUDQWDQG0HLQ]HQ'LFN0HHWLQJ
WKLV REMHFWLYH PD\ HQWDLO SURYLGLQJ VXEVLGL]HG ZDWHU SURYLVLRQ RU DGRSW GLIIHULQJ SULFLQJ
PHFKDQLVPVWKDWDFFRXQWIRUGLVSDUDWHLQFRPHOHYHOV



























,Q DGGLWLRQ WKLV DSSURDFK LJQRUHV HTXLW\ FRQFHUQV 6HDJUDYHV DQG (DVWHU  'LQDU





SURYLVLRQ RI ZDWHU VHUYLFHV 3ULFLQJ UHIRUPV LQ SUDFWLFH RIWHQ GR QRW DGKHUH WR ILUVW EHVW
DOORFDWLRQVDVSUHVFULEHGE\WKHFODVVLFDOHFRQRPLFIUDPHZRUNEXWSURGXFHVHFRQGEHVWVROXWLRQV


















































86$   
$XVWUDOLD   
-DSDQ   
.RUHD   
%HOJLXP   
'HQPDUN   
)LQODQG   
)UDQFH   
*HUPDQ\   
*UHHFH   
+XQJDU\   
,WDO\   
&]HFK5HSXEOLF   QD
/X[HPERXUJ   
1HWKHUODQGV   
6ZHGHQ   
(QJODQG:DOHV   




















WKH (8 :DWHU )UDPHZRUN 'LUHFWLYH

















































\HV QR \HV \HV \HV QD
&DQDGD \HV WUHDWPHQW FRVWV LQFOXGHG
LQ ZDWHU ELOO LI ´QR H[WUD
VWUHQJWKµ
QD QD QR \HV QD QD









+XQJDU\ \HV EDVHGRQZDWHUYROXPH QD QD QD QD \HV QD
,WDO\ \HV EDVHGRQZDWHUYROXPH QR QR \HV \HV \HV QD
-DSDQ \HV EDVHGRQZDWHUYROXPH QR QD QD \HV \HV QD
0H[LFR \HV EDVHGRQZDWHUYROXPH QR QD QD QD \HV QD
1HWKHUODQGV \HV IXQFWLRQRISROOXWDQW \HV QD QD \HV \HV QD
3RODQG QR SHUFHQWDJHRIZDWHUELOO QD QR QD \HV \HV QD
3RUWXJDO \HV EDVHGRQZDWHUYROXPHRU
SURSHUW\VL]H
QD QD QD QD \HV QD
6SDLQ \HV UHFRYHU RSHUDWLQJ DQG
PDLQWHQDQFHFRVWV
\HV QR QD \HV QR QD
6ZHGHQ QR IL[HG VL]H RI PHWHU RU
SURSHUW\YROXPHEDVHG
\HV QR \HV \HV QD QD
8.(QJODQG
DQG:DOHV
\HV EDVHG RQ ZDWHU YROXPH
VXUIDFHKLJKZD\ GUDLQDJH
FKDUJHV
\HV \HV QD \HV QR ODUJH XVHU
WDULIIV
8QLWHG6WDWHV \HV XQLIRUP VWUXFWXUH RU
LQFUHDVLQJEORFNWDULIIV






























































:DWHU KDV EHFRPH DQ LQFUHDVLQJO\ VFDUFH UHVRXUFH WKDW UHTXLUHV FDUHIXO HFRQRPLF DQG
HQYLURQPHQWDOPDQDJHPHQW
7KLVSDSHUKDVRXWOLQHGWKHQHHGRIQHZSROLFLHVDQGOHJDODQGLQVWLWXWLRQDOUHIRUPVDLPHG















KDV PXOWLSOH REMHFWLYHV PLQLPLVLQJ ZDWHU ZDVWH PD[LPLVLQJ WKH HIILFLHQF\ RI ZDWHU XVH
PD[LPLVLQJZDWHUDYDLODELOLW\E\OLPLWLQJWKHGHJUDGDWLRQRIZDWHUVXSSOLHVDQGWKURXJKUHXVH


















*RYHUQPHQWV KDYH WKH UHVSRQVLELOLW\ RI VHWWLQJ WKH IUDPHZRUN IRU VXVWDLQDEOH ZDWHU




9  HVWDEOLVKLQJ DSSURSULDWH ZDWHU SULFLQJ UHJLPHV WKDW RYHU WLPH UHIOHFW WKH IXOO FRVWV RI
VXSSO\LQJZDWHUSUHVHUYLQJZDWHUTXDOLW\DQGPDLQWDLQLQJWKHUHVRXUFHEDVH
9  VWUHQJWKHQLQJ VRFLDO LQVWUXPHQWV GHVLJQHG WR PRGLI\ XVHU EHKDYLRXU WR LQFUHDVH WKH
HIILFLHQF\RIXVHDQGWRFRQVHUYHZDWHU
9  HPSOR\LQJPHFKDQLVPVWRSURPRWHDIDVWHUDQGZLGHUGLIIXVLRQRIDYDLODEOHZDWHUHIILFLHQW
WHFKQRORJLHV LQ LQGXVWULDO DJULFXOWXUDO DQG FRPPHUFLDOUHVLGHQWLDO VHFWRUV LQFOXGLQJ





















































































/H 0RLJQH * HW DO HGV  &RXQWU\ H[SHULHQFHV ZLWK ZDWHU UHVRXUFHV PDQDJHPHQW HFRQRPLF LQVWLWXWLRQDO
















0HLQ]HQ'LFN 5 DQG 0HQGR]D 0  ´$OWHUQDWLYH ZDWHU DOORFDWLRQ PHFKDQLVPV ,QGLDQ DQG
LQWHUQDWLRQDOH[SHULHQFHVµ(FRQRPLFDQG3ROLWLFDO:HHNO\;;;,$$0DUFK















































































































































































































































































 7KH (VWLPDWLRQ RI WKH 1$,58 DQG WKH (IIHFW RI 3HUPDQHQW 6HFWRUDO (PSOR\PHQW
5HDOORFDWLRQ7KH,WDOLDQHYLGHQFH
 -XQH
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(GLWLQJHVWDPSD
DFXUDGHOOD
/LDSULQW6HUYLFHVDV
3R]]XROL1$
WHOHID[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